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Hard chromium plating from chromic acid
solutions is still, despite the toxic properties of hexavalent
chromium, widely used in diverse applications.  Very
often, complex shaped parts (for example in the
automotive applications) are plated to give them the
required wear resistance and corrosion properties.  For
these parts the demands on thickness distribution are very
high, requiring an optimised reactor design.

In the group of Deconinck et al. numerical tools
are developed [1] to calculate the current density
distribution in electrochemical reactors.  The accuracy of
the calculation depends, amongst others, on the
correctness of the kinetic input data of the electrode
reactions.  This is a major difficulty in the case of hard
chromium plating.  Altough the electrodeposition of
chromium has been practised for decades, and in spite of a
considerable research effort [2], the mechanism is still
open to discussion.

Our group has a large experience in the elucida-
tion of the reaction mechanism of electrodeposition reac-
tions [3-7].  The usual combination of electrochemical
(such as linear sweep voltammetry, chronoamperometry,
impedance measurements)  and spectroscopic techniques
(such as SEM, AES, XPS, Raman spectroscopy) to come
to a complete understanding of a reaction mechanism, and
a quantitative determination of the relevant kinetic
parameters, is hardly applicable in this case.

Due to the complex chemistry of the chromium
system, the necessity to use both a catalyst and (organic)
additives and the wide range of plating conditions
(temperature, bath composition, current density) to be
considered, the number of parameters to be taken into
account for a general mechanistic investigation is too
high.

Therefore, for the purpose of performing
calculations to find an optimal reactor design for a
specific application, a different approach is proposed.  It
consists of an experimental and a modelling part.  In the
experimental part, relevant conditions on solution
composition and temperature are considered.  The
polarisation behavior is monitored on a rotating disk
electrode.  The current efficiency is determined by anodic
stripping.  The polarisation data are then analysed in the
modelling part using a dedicated software [8], based on
the dilute solution model and taking into account multiple
heterogeneous and homogeneous reactions.  The result is
a ‘functional’ mechanism for the chromium deposition
describing the polarisation behavior within the range of
considered conditions.
Figure 1 shows one example of regression of a
physical model, taking different electrochemical and
chemical steps into account, to experimental data.  The
model and the relevant parameters will be discussed.

Fig.1: Polarisation behavior of 1M CrO3 with 0.0127M H2SO4 on a Cr
preplated Pt rotating disk electrode (1000 rpm) at 60° C.  The open
circles are the calculated points.
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